Nek6 and Nek7 are evolutionarily conserved murine kinases structurally related to the Aspergillus mitotic-regulator NIMA (Genomics 68 (2000) 187). Comparative in situ examination of their patterns of expression revealed that during early embryogenesis nek6 is highly expressed in primary giant trophoblast cells, while nek7 is expressed in the site of decidual reaction. Later in embryogenesis, both RNAs are almost exclusively restricted to the nervous system. nek6 is found in ventricular and sub-ventricular regions, while nek7 is highly expressed in the dorsal thalamus. In the adult brain, distinct nuclei express the two genes. The lineage-and tissue-specific patterns of expression suggest that the two NIMA-related kinases have (additional) functions that are not related to the mitotic functions of NIMA. q
Results
The mammalian Nek kinases are serine/threonine kinases structurally related to Aspergillus nidulans NIMA. NIMA is essential for entry into mitosis, and in its absence, cells arrest in G2. Involvement of NIMA in induction of chromatin condensation and localization of Cyclin B to the nucleus have been documented (Lu and Hunter, 1995; O'Connell et al., 1994; Wu et al., 1998) . Four mammalian NIMA-related kinases have been described (designated Nek1-4). We recently reported the cloning of two additional murine Nek kinases, Nek6 and Nek7 (Kandli et al., 2000) . Within the kinase domain, these proteins are similar to each other (87% amino acid identity), and they are highly conserved evolutionarily (75% identity to the predicted F19H6.1 kinase of C. elegans; Kandli et al., 2000) . To elucidate the possible developmental roles of Nek6 and Nek7, we employed in situ hybridization analysis. At early to midgestation stages, the highest levels of nek6 RNA were found in trophoblastic cells. At the late egg cylinder stage, primary trophoblast giant cells surrounding the embryo expressed high levels of nek6 (E6.75: Fig. 1A and B) . In addition, lower levels of nek6 were found in the periphery of the maternal decidua, but not in the decidual cells surrounding the implantation region ( Fig. 1A and B) . To confirm the identity of the nek6-expressing trophoblast cells, an adjacent slide was hybridized to the giant trophoblast marker, placental lactogen 1 (Pl1, Colosi et al., 1987) (Fig. 1D) . By E8.5, high levels of nek6 transcripts were also detected in the ectoplacental cone of the developing placenta. [Fig. 1E and F; compare to Pl1 (Fig. 1H) , which is restricted to giant trophoblast cells (Colosi et al., 1987) .] nek6 RNA was not found in the trophoblast-derived chorion (Fig.  1F) , or in the mesodermally derived allantois (not shown). In the decidua, low levels of nek6 were found in a peripheral narrow band (not shown). In the forming placenta (E12.5), high levels of nek6 RNA were restricted to the spongiotrophoblast layer (which is derived from the ectoplacental cone), but were not observed in the secondary giant trophoblasts which form the interface with the maternal decidua ( Fig. 1I and J ; the giant cells are marked by the Pl1 probe, Fig. 1L ). nek6 was undetectable in the labyrinth (Fig. 1J) . By late gestation, the intensity of the nek6 signal in the spongiotrophoblast was much reduced (not shown).
Interestingly, nek7 RNA was found in the maternal decidua in a domain directly adjacent to the domains of nek6 expression. At E6.75, nek7 RNA was restricted to the site of decidual reaction (Fig. 1C) . At E8.75, nek7 RNA was found in the decidual cells surrounding the ectoplacental cone and immediately adjacent to the primary giant trophoblasts (Fig. 1G) . By mid-gestation, as the decidua retracted, the nek7 signal became weaker ( During early embryogenesis (E6.5-9.5), both genes were expressed in the developing embryos in a low and homogenous pattern (not shown). Later in embryogenesis, regionspecific expression was observed, and the two genes exhibited non-overlapping patterns of expression. By around E11, both genes were found to be expressed in the septum transversum, albeit at different domains (nek6 in a more caudal/ ventral structure, not shown). From around E13.5, nek6 signal was evident in the ventricular and sub-ventricular zones of the brain and the spinal cord (Fig. 2B, E13 .5; Fig. 2D , E18.5, not shown). Starting at this stage, nek7 transcripts were clearly visible in the developing dorsal thalamus (Fig. 2C) , and the signal intensified later in development (Fig. 2E, E18 .5). Both genes were quite highly expressed in the embryonic olfactory bulb. In addition, from mid-gestation onward, nek7 expression was observed in the olfactory epithelium (not shown). In addition to the nervous system, nek6 probe (but not nek7) marked the epithelium of the intestine (Fig. 2F-G) . Examination of a cross-section of adult intestine showed no remarkable difference in the intensity of the signal along the cryptvillus axis (representing proliferating versus differentiated cells) (not shown).
In the adult brain, the two genes were found to be very specifically expressed in distinct neuronal structures in a non-overlapping pattern. The main sites of nek6 and nek7 expression are summarized in Table 1 , and shown in Fig. 3 . We were unable to identify any common characteristic (function, embryonic origin, neurotransmitter production or neurotransmitter receptors) to the sites expressing either one of the genes. The absence of signals from glial-specific regions suggests that, within the brain, these two kinases are restricted to neurons.
Outside the nervous system, specific patterns of expression in adult tissues were found in the intestine (mentioned above), and in the ovary. Interestingly, the adult ovary was the only site where we found both nek6 and nek7 genes to be expressed in the same structure. High levels of nek6, and lower levels of nek7, were restricted to the granulosa cells of large growing and antral follicles ( Fig. 3O and P) . However, it is possible that the two genes are expressed in different granulosa sub-populations. No distinct signal was observed in testicular Sertoli cells (not shown).
Taken together, nek6 RNA was found in both embryonic and extraembryonic cells, and in both mitotic cells (ventricular and intestine proliferating cells) and postmitotic cells (mainly neurons). nek7 expression appears to be restricted to postmitotic cells. Interestingly, the mammalian Nek1 kinase is also mainly expressed in postmitotic neurons (Arama et al., 1998) , and mutants of this gene exhibit pleotrophic phenotypes (Upadhya et al., 2000) . While revising this manuscript a publication reported that Nek6 (and probably also Nek7) regulate p70 ribosomal S6 kinase activity, thus implicating these kinases in growth signal transduction Olfactory bulb Mitral cell layer (1) (Fig. 3B ) Mitral cell layer (111) (Fig. 3C ) Glomerluli (1) (Fig. 3B) Scattered cells within the anterior olfactory nuclei (1) Neocortex Scattered cells in layers 2-6 (111) (Fig. 3E ) Piriform cortex (111) (Fig. 3F ) Archicortex Dentate gyrus (111) (Fig. 3G and J) Scattered cells in dentate gyrus and CA layers (1) (Fig. 3H ) Hippocampal CA3 layer (111), CA1 and CA2 (1 1 ) (Fig. 3G pathways (Belham et al., 2001) . Future experiments should clarify the involvement of Nek6 and Nek7 in placental and neuronal functions.
Experimental procedures

In situ hybridization
Following fixation, the embryos or the adult tissues were embedded in Tissue-Tek OCT (Sakura) and cryosectioned (8 mm). Hybridization was done using ( 35 S) uridine triphosphate labeled riboprobes as previously described (Motro et al., 1991) . The nek6 antisense probe was generated from a clone spanning nucleotides 811 to the end of the cDNA (Kandli et al., 2000) . The nek7 probe spanned the first 911 nucleotides of the cDNA (to the SphI site). For both cDNAs, sense control probes were created and used on adjacent sections, and gave no specific signals (not shown).
